Sweetpotato (Ipomoea batatas (L.) Lam.) research requires a cultural technique that ensures tuberous root formation for elucidation of the morphogenesis mechanism . Singleroot cuttings were grown in a hydroponic system, where the basal part of the root was exposed to the air and the distal part was immersed in nutrient solution . In all of the plants grown in the system, the nodal root swelled in the aerial space, and the thickened part revealed the anatomical characteristics of the tuberous root. The formation of the storage organ occurred earlier in initially thicker roots. After the storage organ initiation , number of leaves in the cuttings affected the thickening growth of the tuberous root .
INTRODUCTION
A tuberous root, or a storage root, of sweetpotato (Ipomoea batatas (L.) Lam .) is a root having a region of localized thickening (Lowe and Wilson, 1974) , wherein the stele enlarges along with the root swelling (Togari, 1950) . Several number of adventitious roots emerge from a nodal position of the stem, the roots that are called nodal roots , when stem-cuttings of sweetpotato are planted in soil. Usually some of the roots develop to tuberous roots in the field cultivation.
In Solanum tuberosum L., there is a cultivation technique to obtain a micro-tuber on single-node cuttings (Duncan and Ewing , 1984; Hendriks et al., 1991) . This technique has contributed to the recent advance in the elucidation of the exogenous and endogenous conditions required for the tuber formation (Balamani et al., 1986; Garner and Blake, 1989; Vreugdenhil et al., 1998; Xu et al., 1998; Segreeva et al., 2000) . On the other hand, sweetpotato researchers have not obtained such technique to regulate the tuberous root formation yet. A mechanism of the tuberous root formation has been scarcely elucidated , although anatomical changes during the tuberous root development had been detailed (McCormick, 1916; Ogura, 1945a, b ; Togari, 1950; Kokubu, 1973 ; Wilson and Lowe, 1973) . Therefore, the following two steps are necessary factors to understand the formation mechanism : 1) development of the cultivation technique to ensure the formation of the storage organ in a specific part of a specific root ; 2) search of exogenous and/or endogenous factors that are required for the tuberous root formation. The objective of this study is to realize the first step . is difficult to know where the swelling occurs in the root beforehand. Furthermore, changes in shape of the root are difficult to be observed. On the other hand, we can easily observe the root status in a soilless culture, and the root environments such as temperature or nutrient condition are also easily controlled. However, there has been no positive evidence that sweetpotato root can develop to tuberous root within the nutrient solution. The report by Noguchi and Sugawara (1940) , which was published more than 60 years ago, gave us a hint for sweetpotato hydroponics that ensure the tuberous root formation. They enclosed a part of the stem in a dark box where the upper layer was the aerial space and the nutrient solution layer was in the bottom. In the box, a number of nodal roots emerged from the stem, and some of the roots successfully formed the storage organ in the aerial space. Based on that idea, we made a small hydroponic system where the root environment was divided into two layers comprised of the aerial space for the root swelling and the nutrient solution layer for uptake of water and nutrients. Single-root plants were certainly able to form the tuberous root in the system. The present paper reports the cultivation method that ensures the tuberous root formation. Figure 4 shows anatomical changes in the root during the root thickening . At the initial state, the basal part of the root represented the following characteristics : fibrillose root surface , adjacency of protoxylem to central metaxylem, and indistinct primary cambium . Although the material plants differed in root width that varied around 1 mm to nearly 1 .5 mm, those characteristics were identical for all roots regardless of their width . The nodal root uniformly increased width to 2 mm in diameter in the aerial space of the hydroponic box . In the Environ. Control in Biol. On the other hand, the nodal root diameter of the root-submerged T-S plants only became 2-fold thicker than the initial value, and there was no part showed spindle-shape (Fig. 5) . The stele diameter of the root-submerged T-S plants was nearly the half of the root diameter, and secondary cambium was not observed within the stele. The central region of the stele was heavily lignified (Fig. 5 ).
DISCUSSION
The nodal root increased the width in the aerial space of the hydroponic system in all addition to those results, we confirmed that the nodal root was not able to form the storage organ when the root completely submerged in the nutrient solution (Table 1 and Fig. 5 ).
Using the cultivation procedure of this study, a specific part of the nodal root inevitably forms the storage organ. Noguchi and Sugawara (1940) demonstrated first that the swelling can occur in the air-exposed part of the nodal root, but it took about one month from the root emergence to the onset of the swelling. In this study, T-L plants required only 10 days cultivation in the hydroponic system for tuberous root formation, which was about 20 days after the root emergence. In potato research, in vitro culture of single-node cuttings has been used for elucidation of exogenous and endogenous conditions required for the tuber initiation and the tuber growth thereafter (Hussey and Stacey, 1984; Balamani et al., 1986; Garner and Blake, 1989; Vreugdenhil et al., 1998 ; Xu et al., 1998 ; Segreeva et al., 2000) . This technique also helps researchers to analyze gene expression during the tuber formation (Rosahl et al., 1986; Stiekema et al., 1988; Visser et al., 1994; Raices et al., 2001) . In sweetpotato research, there is no convenient technique which control the tuberous root formation, but this study shows a new method at which the tuberous root surely formed in the aerial space of the hydroponic box. This may contribute the sweetpotato study to optimize exogenous and endogenous conditions related to the tuberous root formation.
